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Abstract 
 
Boehmite was synthesized by a low temperature 
hydrothermal procedure, via sol-gel, from an 
aluminium hazardous waste (AHW). The method 
consisted of a first stage of acid digestion to 
solubilize the metal content, and a second stage of 
gel precipitation in alkaline medium. Several 
experiments were performed to study the effect of 
concentration, time and pH not only on the recovery 
of aluminium but on the purity of boehmite. A 
nanocrystalline boehmite was obtained as unique 
phase at pH8. At pH9 boehmite is obtained along 
with norstrandite. The complete characterization of 
samples was carried out by XRD, MEB, and 
TG/DTA. The procedure allows the recovery of 90% 
of the soluble aluminium content in the waste.  
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INTRODUCTION 
 
The boehmite is an aluminium oxy-hydroxide 
(AlOOH·nH2O) that has many applications in 
ceramic, composite, cement, cosmetic and paint 
[1-7]. Natural boehmite appears in bauxite ore along 
with gibbsite Al(OH)3 and diaspore (AlOOH) [8]. The 
traditional method of synthesis of boehmite is the 
hydrothermal process from high purity inorganic 
aluminium salts [9,10]. 
AHW is fine powdery solid that proceeds 
from the milling and granulometric classification 
processes of slag [11]. AHW consists of Almetal, 
corundum, spinel aluminium nitride, carbide and 
sulphide, quartz, calcite, iron oxide and other metal 
oxides, chlorides and other salts. It is considered as 
a hazardous waste because of its high chemical 
reactivity in the presence of environmental moisture  
 
 
 
 
 
[12,13]. Thus AHW emits CH4, NH3, H2 and H2S 
according to the following reactions [14,15]. 
 
2Al + 3H2O (l) ? 3H2 (g) + Al2O3                      (1) 
2AlN + 3H2O (l) ? 2NH3 (g) + Al2O3                 (2) 
Al4C3 + 6H2O (l) ? 3CH4 (g) + 2 Al2O3             (3) 
Al2S3 + 3H2O (l) ? 3H2S (g) + Al2O3                (4) 
 
The recent European Directive on waste, 
2008/98/EC [13], seeks to reduce the use of natural 
resources by means of secondary resource 
management. Thus research should be directed 
towards the use of wastes as raw materials [16,17].  
The purpose of this work is recovery the 
content of metallic Al of a hazardous waste as a 
value added material, boehmite.  This means the 
transformation of a hazardous waste in a raw 
material for the synthesis of boehmite.  
 
EXPERIMENTAL 
 
The materials used are AHW provided by a tertiary 
aluminium industry, HCl 37% (Panreac) and NaOH 
pellets 98% (Panreac). 
The chemical and mineralogical composition 
of AHW is strongly heterogeneous. So, a preliminary 
homogenization process by means of mixing and 
successively quartering was performed in order to 
obtain a representative sample. 
The synthesis of boehmite was carried out 
by a two-stage low temperature hydrothermal 
method, via sol-gel [2-7,9,10,17-20]. In the first stage, 
a HCl solution was used to dissolve the acid-soluble 
aluminium compounds. Acid concentration, 
temperature and time of reaction were varied in order 
to study their effect on the aluminium recovery. In the 
second stage, alkaline sol-gel precipitations, up to 
pH 8 and 9, were performed by adding 1M NaOH 
solution. The gel obtained was washed, dried at 60ºC 
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for 4 days and crushed in a mortar to obtain a fine 
powder.   
The chemical analysis of samples was 
performed by atomic absorption spectrometry (AAS, 
Varian Mod Spectra AA-220 FS) and X-ray 
fluorescence (XRF) (Philips PW 1404 sequential 
wavelength dispersion unit). The mineralogical 
composition was determined by X-ray diffraction 
(XRD, Bruker D8 advance diffractometer) with CuKα 
radiation (scanning rate: 0.03º 2θ/s). The 
morphological characterization of samples was 
performed by scanning electron microscopy (SEM, 
Field emission Jeol JSM 6500F). For observation, 
the powdered sample was embedded in a polymeric 
resin and graphite-coated. Thermal analysis was 
performed by simultaneous TG/DTA (SETARAM 
DTA-TG Setsys Evolution 500) at a heating rate of 20 
ºC min-1 in a He atmosphere up to 600ºC. Alumina 
crucibles with 20 mg samples were used. The 
skeletal density of boehmite was measured in a He 
displacement pycnometer (Micromeritics Accupyc 
Mod 1330).  
 
RESULTS AND DISCUSSION 
 
Characterization of the waste 
 
From the chemical and mineralogical analysis of the 
AHW, the following major composition was obtained: 
31.2% Almetal, 20.0% Al2O3 (corundum), 15.0% 
MgAl2O4 (spinel), 8.4% AlN, 8.0%SiO2 (quartz), 
8.2% CaCO3 (calcite), 1.8% Fe2O3 (hematite), 1.5% 
TiO2, 1.5% chloride (Na/K), 0.7% Al2S3 and other 
minor compounds (metal oxides). 
 
Synthesis method 
 
Figure 1 shows the percentage of aluminium 
recovery according to the experimental conditions of 
the acid digestion stage. The recovery of aluminium 
increases with the reaction time. For the same time, 
an increasing of the acid concentration yields a major 
aluminiun recovery. Thus a 90% of aluminiun can be 
recovered using a 10% HCl solution, with continuous 
stirring and heating for 3 hours. 
 Figure 2 shows the XRD pattern of gel 
obtained in the alkaline sol-gel precipitation. Pattern 
of gel obtained at pH8 shows five bad-defined peaks, 
centered at 12.9, 28.1, 38.6, 49.5, and 61.4 2θ 
degrees, which are characteristic of boehmite 
(AlOOH, JCPDS no. 03-0066). For gel obtained at 
pH9, two peaks centered at 18.4 and 20.7 2θ 
degrees, are observed along with the peaks of 
boehmite. Those peaks were assigned to 
nordstrandite (Al(OH)3 JCPDS no. 18-0050). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Percentage of aluminiun recovered at the different 
experimental conditions of the acid digestion 
 
Gel characterization 
 
The low crystallinity of samples is typical of products 
obtained by sol-gel method; the low solubility of the 
aluminium oxy-hydroxides causes a quick 
supersaturation in the medium and a massive 
precipitation (with low crystallinity rates) [21]. 
 
 
Figure 2. XRD pattern of gel obtained at pH8 (red) and pH9 
(green) 
 
Figure 3a shows a SEM micrograph, of 
sample obtained at pH8, in which boehmite appears 
as a homogeneous agglomerate of spherical 
particles of 10 nm average size with 
botroidal-laminar habit. 
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Figure 3. SEM micrograph of gel obtained at (a) pH8 and (b) 
pH9. 
 
The pH9 gel exhibits the same 
botroidal-laminar habit (with the same homogeneous 
agglomerates) which corresponds to boehmite and 
several crystals with tabular habit (figure 3b). These 
last crystals would correspond to Nordstrandite, as 
identified by XRD. 
The DTA and TG curves of pH8 and pH9 gel 
are shown in figure 4a and 4b respectively. 
Three zones are distinguished in DTA 
curves. The first one, from room temperature up to 
190ºC, is similar for both samples. A very broad 
endothermic peak is observed which corresponds to 
the dehydration process of gel. From 190 up to 
340ºC a second endothermic effect is observed, but 
only in the curve corresponding to pH9 gel. The third 
effect, also endothermic, is observed in the 
temperature range between 340 and 450ºC. These 
two last effects correspond to the dehydroxilation 
processes of aluminium oxy-hydroxide [22-24].The 
different habits of the DTA curves is related to the 
different composition of samples (pH8, boehmite, 
and pH9, boehmite and nordstrandite). The TG 
curves show a continuous mass loss from room 
temperature to 600ºC, which is quite similar for both 
samples (25.8 and 26.3% w/w for pH9 and pH8, 
respectively).  At that temperature, the mass loss 
observed is smaller than that corresponding to the 
complete dehydroxilation of boehmite to form 
alumina. This effect is reported by Alphonse et al. [24] 
as the conversion of boehmite into a transition 
alumina, which can be formulated as Al2O3-x/2(OH)x. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4. (a) DTA and (b) TG curves of gel obtained at pH 8 and 
9. 
 
The determination of density yielded values of 2.59 
and 2.49 g/cm3 for sample obtained at pH8 and pH9 
respectively, which is closed to the theoretical values 
(2.3 g/cm3) reported for synthetic boehmite [18].The 
content of Al2O3, determined by chemical analysis of 
pH8 gel is 72.02% w/w. This means that at this value 
of pH, the boehmite obtained has a 96% of purity. 
The balance corresponds to Fe2O3 and minor MgO. 
In the case of pH9 the purity value is lower because 
the Al2O3 content is 70.05% w/w. 
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CONCLUSIONS 
 
Boehmite can be obtained from a aluminium 
hazardous waste by means of a hydrothermal 
process at low temperature, in two stages: an acid 
digestion and an alkaline sol-gel precipitation. The 
method developed in this work allows the recovery of 
the 90% of soluble aluminium content as an added 
value product, boehmite, with high grade of purity 
(96%). 
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